INTRODUCTION

42
Although modern water treatment systems continuously provide high quality, safe drinking 43 water, there are microorganisms that are resistant to inactivation or disinfection processes that 44 survive and multiply within water distribution systems (WDS) (King et al. 1988; 45 and multiply within WDS. Microbiological problems that have been associated with WDS (Sartory, 2004 ). However it is now established that typically less 68 than 1% of the total number of bacterial cells that are present within environmental samples, 69 such as drinking water, are culturable (Amann et al. 1995; Szewzyk et al. 2000) . 70 Consequently, it is arguable and indeed likely that the widespread use of cultivation 71 techniques limits our understanding of microbial assemblages present within WDS. For 72 example, Burtscher et al. (2009) concluded that culture-based and culture-independent (e.g. 73 using molecular) methods could reveal completely different results when applied to WDS. In 74 particular they found that changes in the structure of bacterial communities, determined by 75 culture-independent methods, corresponded to time of sampling, whereas in contrast, culture-76 based analyses revealed spatial associations of bacterial community structure within the 77 distribution system. Culture-independent techniques (e.g. a direct cell counting technique in 78 conjunction with a method that investigates community structure and composition) are 79 however, becoming more common in studying microorganisms in WDS for research 80 purposes, even if not for routine analysis (for example Zacheus and Martikainen, 1995;  Modelling water quality (and water age) 87 Potable water quality is generally defined in terms of physical, chemical and biological 88 (including microbial) parameters. All these parameters vary spatial and as a function of time. 89 The longer that water is left to react and interact within the WDS, the greater the potential for 90 water quality change. This is due to reactions within the body of the water and at the interface 91 with the pipe surface and ancillary fitting and fixtures. This fundamental association with 92 time has led to the suggestion that 'water age' could be a useful first indicator or surrogate for 93 water quality (USEPA, 2002 to the study region was 57 hours while the maximum was only slightly greater at 59 hours.
209
As observed in the overall distribution system layout, this similarity in mean and maximum 210 ages confirms minimal loops/mixing from the main service reservoir prior to the study 211 region. However, it should be noted that the route is via a complex mix of pipe materials and In general, the total bacterial count using the culture independent technique (DAPI) was 10 3 377 cells ml -1 higher in magnitude as compared to the 2 and 3 day HPC (Table 2 ) determined 378 using standard methods. Mean bacterial cell counts were determined for each day (day 1 and 379 day 3) and at each time point (6 am and 9 am) and at each sampling point across the study 380 area with respect to the mean and maximum water age (Fig. 4) . Despite the selection of a 381 study region in which there was a significant increase in water age, differences in bacterial 382 numbers at different sampling sites were not observed in relation to variation in the mean or 383 maximum water age. Ignoring the more complex 'mixed age' sites (SP4 and 5), and 384 considering only sites SP1, 2 and 3, there was no clear association between water age (mean 385 or maximum) and bacterial numbers either across the different sampling days or times ( Fig.   386 4a and b). Water samples collected from SP1 had a cell count ranging from 2.0 -2.3 x 10 4 387 cells ml -1 , whereas samples from locations with high water age values, but no mixing (SP2 388 and 3) had mean bacterial numbers ranging from 1.9 -2.6 x 10 4 cells ml -1 (Fig. 4a and b) bacterial numbers were higher on day 3 (P<0.0001) compared to day 1 at both 6 am and at 9 397 am ( Fig. 4a and b) . Mean bacterial numbers on day 3 ranged from 2.2 to 2.8 x 10 4 cells ml The DGGE bands representing dominant and/or unique constituents of the community 422 profiles were excised and sequenced (Table 3) . Sequencing analysis (Table 3) 
